I have no clinical experience in the subject of our discussion but I have worked in the Chemical Defence Research Station for some years, though my recent work has been more on the administrative side.
£tiology.-I want to talk particularly about phosgene, because, though there is considerable difference of opinion on the military and air-force side as to whether, in the event of gas being used in future wars, lung irritants will be much used, or at all, yet there is no difference of opinion on the point that if they are used, phosgene is the most likely to be employed. On this subject of aetiology Muintsch (Berlin) says: " Recent researches have shown that the theory accepted up to the present of a muriatic acid corrosion of lung alveoli does not furnish a completely satisfactory explanation of the origin of the lung oedema. It would be remarkable if the alveoli alone were attacked whilst the upper airways remained free; further, pure muriatic acid gas produces no lung cedemato do this, a concentration 800 times stronger than phosgene would be necessary. Other theories assume reabsorption of the phosgene into the circulation, resulting in changes and softenings of the brain, and finally, by way of the nervous system, a secondary origin of the lung cedema." There is one suggestion concerning possible oetiology which I think a doubtful one, but I put it forward as a matter for consideration. Possibly we are dealing with some interference with the more domestic economy of the cell, some interference with oxidation and the reduction processes, or with the acid base equilibrium. I have no definite views to put forward on this, but I hope to hear it spoken of in the discussion. The aetiology of the subject is in every way unsatisfactory. Take another lung irritant, chlorine; a member of the halogen series, all of which are irritant to tissues. It is not unreasonable to think that chlorine has a direct action, and the results are attributable to that action. It is astonishing in how many chemical warfare agents chlorine is present; in some it seems to be the deciding factor. Take mustard gas: if you substitute for chlorine any other radicle of the halogen group you find a reduction in the poisonous effect of the compound. Hence the chlorine itself seems to be of definite importance. Although chlorine is present in so many warfare gases, we do not know whether it is the compound, e.g. phosgene which is doing the damage, or the product of the disintegration of the molecule.
Pathology.-The effects of lung irritant gas poisons are demonstrated by changes which include cedema and alterations in the blood-vessels and blood-supply, and are associated with bronchial spasm. The cedema is the outstanding factor ofimportance from the pathological and the therapeutic points of view, and it is from the consequent lack of oxygen that the bad effects accrue.
Cases can be divided, generally, into two main groups, which are distinguished by their clinical appearance as either purple or blue, and grey. I show on the screen JULY-MED. 1 colour-photographs of each. Underlying both types anoxaemia is the main defect, due to obstruction to the passage of oxygen into the blood-stream by the imposition of the layer of water around the alveoli. That is interesting, because the cedema is associated with variations between production and drainage. In the very early cases-I am speaking chiefly of phosgene-you will find that there is a thin layer of fluid inside and lying on the alveolar epithelium, before there is any cedema in the lung substance. At this time very little change in the lymphatic area is demonstrable. This thin layer of fluid is not enough to cause immediate results, and the person concerned is frequently unaware of any impairment of function at all. Yet there is already a deficiency of oxygen supply, and that is why it is, clinically, so vitally important that in all these lung irritant gas cases the patients should be treated, from the very first, with rest; they should not be allowed to take exercise, whether they do or do not feel ill, as this interference with the oxygen intake is already present, and an extra demand for oxygen resulting from exercise may cause sudden death.
When the condition advances further and there is cedema in the lung, there is a variation the lymphatic supply, and the problem is one of balance between production of fluid and drainage. There is frequently such a heavy cedema that as much as one-fifth of the total fluid volume of the blood has been lost. A great amount of fluid is lost to the circulation by expectoration and by extravasation into the tissuesso much that there is a definite thickening of the blood in many cases. When we come to treatment I shall have something to say about that. If we have many of these cases to treat, as in air raids, it would be wise to arrange for some simple procedure, as in cholera cases, with glycerine-and-water btttles, to test the specific gravity and concentration of the blood, so that we may know when it is advisable to use an infusion.
I want to point out the difference between the lung irritant gassed case, and the lung affected by mustard gas. The condition in the mustard gas case is entirely different, for in that there is just inflammation-the effect of mustard gas being burning effect on the tissues, so that there is a different problem to meet; thereiLs a damaged superficial area, which is very liable to bacterial invasion, but there is not the interference with the oxygen supply which I have mentioned, and which is due to the cedema in the previous kind of case.
In order to investigate the effects of lung irritant gases on the bronchioles, it is advisable, at autopsy, to tie the trachea before opening the chest. This prevents the simultaneous semi-collapse of both bronchioles and alveoli. In examination by this method it is seen that in lung irritant gas poisoning there are closed bronchioles and widely open alveoli. This largely explains the patchy distribution of the cedema, because if the bronchiole contracts sufficiently rapidly and completely to prevent the entry into the alveoli of the poison, then that area will escape from the cedema formation; whereas when the reverse occurs and there is no bronchial contraction there will be a full dose in the alveoli resulting in seriouscedema production.
Treatment.-As regards anoxwamia, three factors are to be noted: firstly, the hindered absorption of oxygen from the alveoli; secondly, the obstruction of the blood-flow in the lung, due to an increased viscosity, with its nll-effects on an already anoxaemic heart; thirdly, actual bronchial obstruction. There can be no argument about the value of oxygen. These cases depend for their survival on continuous oxygen administration over many hours, sometimes days. It is clinically true that oxygen administration cannot begin too soon-with the proviso that the supply must conserved. Secondly , the administration must not cease until the patient is either dead, or has reached the stage at which stoppage of oxygen administration for five minutes does not result in a clinical retrogression. Now, what is the accessory treatment? Atropine is useless; indeed it is contraindicated. Bleeding is definitely of value, and can hardly be carried out too early.
Section of Medicine
Later. on the congested heart may be relieved by bleeding as practised clinically -but why early bleeding is of such marked value in these cases I do not feel sure. It has been suggested that by bleeding up to about 300 c.c. a reaction is produced in the opposite direction, and may indirectly reduce the cedema.
Next with regard to infusion. There is much discussion and difference of opinion in this matter. Vedder highly recommends infusion, and a variety of liquids are recommended for it: normal saline, hypertonic saline, glucose solution, and urease solution. The use of urease was suggested by the theory of poisoning by acid formation, because the effect of it is to produce ammonia from urea, thus neutralizing any acid produced. American workers advocate the introduction of urea as well as urease into the circulation as a treatment for this form of gas poisoning. English workers do not consider this treatment of much use. In America the use of emetine, with urea and urease, is recommended, with the hope of securing a lasting constriction of the capillaries so as to restrain the production of cedema and thus shield the individual from its bad effects for a long period. Of that I have no experience.
Dr. Ronald V. Christie said he agreed with Dr. Blackmore that surprisingly little work had been done in this country on the pathological and functional aspects of gas poisoning. He suggested that both the French and the English had been remiss in paying so little attention to the work of the Germans in this field. This German work was done for the most part under the auspices of the best physiologists and pathologists available and there appeared to be little excuse why their publications should be disregarded (Aschoff, Flury, Gildemeister, Heitzmann, Koch, Laqueur, Magnus, Mayer, Ricker, &c.-See Laqueur and Magnus 1921 and Flury 1925) . For instance in 1920 and 1921 a series of articles was published on the action of phosgene. It was shown that amongst many other interesting observations on the functional impairment following phosgene poisoning, section of both vagus nerves in animals largely prevented the onset of the classical signs and symptoms. From a large and varied series of experiments these investigators concluded that the action of phosgene could be divided into two categories: (1) The irritant effect of the hydrochloric acid which is liberated as phosgene passes into solution. This irritation involved the whole respiratory tract and, in the concentrations used in gas warfare, could be of little importance.
(2) The more direct effect of phosgene on the nerve-endings of the pulmonary vagus. It appeared that it is this action on the vagal nerve-endings which, after a latent period, led to the development of pulmonary cedema. So far as could be found in the literature, these experiments had never been refuted. Soon after the publication of this work, the German physiologists became particularly interested in the phenomenon of so-called " vagus pneumonia " (Weiser, 1932, &c.) . The details of this phenomenon need not be discussed. It would suffice to say that certain disturbances of function of the pulmonary vagus led to the development of a patchy hwmorrhagic oedema of the lungs. The possible significance of this phenomenon with regard to the vagal theory of phosgene poisoning was obvious. If this theory was correct, a detailed survey ought to be made of the effect of parasympathetic drugs, and of various anaesthetics.
With regard to the dyspncea of phosgene poisoning the textbooks showed a lack not only of attention to published work, but also of comprehension of well-known physiological principles. Dyspncea was usually ascribed to the combination of anoxaemia and retention of carbon dioxide. Although the action of these two factors was usually assumed to be synergic, they could more conveniently be dealt with separately.
(a) Anoxcemia.-Uncomplicated anoxammia did not cause dyspncea. Two weeks previously a paper had been read at a meeting of the United Services Section 1 on IG. Struan Marshall, Proc. Roy. Soc. Med., 1937, 30, 995 (United Serv. Sect., 9). 37 1035 respiration while flying at high altitudes, in vthich the word dyspncea had hardly been mentioned.
"The relatively slight increase in the amount of air breathed during very serious anoxeemia has frequently been lost sight of in the interpretation of clinical symptoms . . .
In the very dangerous pure anoxfemia of high altitudes or carbon monoxide poisoning, increase in the breathing is not a prominent symptom " jHaldane and Priestley). Furthermore, the available data on the effect of oxygen therapy on phosgene poisoning showed that, with the relief of anoxaemia, there was seldom any significant diminution in the respiratory rate.
(b) Retention of carbon dioxide.-Several investigators had shown that, except in the terminal asphyxial stages of phosgene poisoning, there was no retention of carbon dioxide. Indeed the tension of carbon dioxide in the arterial blood was usually below normal, except where death was imminent.
It could only be concluded that the dyspncea of phosgene poisoning was due primarily neither to anoxaemia nor to carbon dioxide retention, nor to a combination of both. The true cause was not difficult to find. German authors had shown that the lung became more rigid and less distensible as the symptoms of phosgene poisoning developed. On theoretical grounds such a change should cause rapid and shallow breathing through the increased sensitivity of the Hering-Breuer reflex. That this was indeed the mechanism involved, had been shown by the observation that blocking the impulses through the vagus nerves abolished the rapid and shallow breathing.
The conception of dyspncea as reflex, rather than chemical, in origin was of considferable practical importance. The relief rather of anoxtemia than of dyspncea should be the criterion of success of oxygen therapy. It was true that, in those cases where pulmonary congestion was increased by heart failure, respiratory distress might be somewhat relieved by the administration of oxygen. This only applied to cases in which anoxaemia had already damaged the heart. Oxygen therapy should preferably be instituted before this myocardial damage had been done, and its administration should be continued whether or not there was any relief of dyspncea.
With regard to the treatment of phosgene-poisoning by agents other than oxygen, he (Dr. Christie) suggested that the maintenance of a positive intra-alveolar pressure throughout the respiratory cycle might diminish the tendency to pulmonary cedema.
It was claimed that pulmonary cedema of cardiac origin could be successfully treated by this method.
Dr. Burton Wood said that after the Great War those who saw many ex-service men exipected to find traces of gas-poisoning in the lungs. The effects which Dr. Blackmore had described were not those which might be expected to give rise to permanent pulmonary damage such as fibrosis. In the exhaustive report of the United States Army Council a good deal of attention was directed to interstitial pneumonia attributable to the action of mustard-gas or of secondary infection following it. Such results were illustrated. Now a very large number of ex-service men complained of lung trouble which they attributed to the War, and a very large proportion claimed to have been gassed. Yet one sought in vain for any evidence of the kind of fibrosis which resulted from interstitial pneumonia. Pneumonias of this type due to causes other than gas were well known, and their results were evident.
For example, he (the speaker) had recently seen a patient who had suffered from pneumonia complicating typhoid fever, and a skiagram of the chest had shown the lower lung fields heavily " cobwebbed " as the result of interstitial scarring. A similar condition might sometimes be seen after an incompletely resolved influenzal pneumonia. The fibrosis due to silicosis or asbestosis was clearly shown by X-rays. But he had seen nothing analogous in the chests of ex-service men, nor could he recall having seen a single example, in an ex-service man, of fibrosis resulting from gas poisoning. He asked Dr. Blackmore if there was any evidence that interstitial pneumonia due to gas action had left a permanent effect on the lungs. He himself favoured the view of Landis that gas poisoning was either rapidly fatal or followed by recovery practically complete.
Dr. Horace Evans, referring to the great importance of the administration of oxygen in the treatment of these cases, asked what method of administration Dr. Blackmore advocated.
Dr. C. W. J. Brasher inquired whether recent research had thrown any further light upon the mode of action of phosgene on the tissues ? He related the case of two subalterns who were " gassed "-apparently slightly-with phosgene in 1915, when serving in Flanders. They were sent to a casualty clearing station, but were not detained. They were warned of the danger of exertion during the next few days. Three days later, feeling quite well, they walked up a slight ascent but, on reaching the summit, one of them fell to the ground and died immediately.
In view of the frequent occurrence of cyanosis and of severe symptoms of circulatory failure in these cases, was it not probable that phosgene was a protoplasmic poison that acts directly upon the alveolar cells (hence the early occurrence of acute pulmonary cedema), and also upon the cardiac muscle-fibres, to which it had been conveyed in the blood-plasma ?
Major Blackmore (in reply) said he agreed that the French and British had rather dropped investigation on this subject, and he thought that was a pity. A disproportionate amount of attention had been given to the effects of mustard gas; it was important, but should not monopolize attention. Lung irritant gases were extremely dangerous war chemicals, and if they were successfully used, large numbers of cases would have to be dealt with.
With regard to interstitial pneumonia and fibrosis: These appearances were met with after mustard gas infection of the lungs, and here one was dealing with a very different pathological condition, and the bulk of the deaths from it were due to the septic pneumonia supervening on the burning effect of the vapour. In those who survived there were permanent after-effects, whether or not the lung was originally in a healthy condition. But one did not see serious after-effects in cases which could be proved to have been due to lung irritants only; here the dictum " death or complete recovery " seemed to be quite sound, provided the lungs were in a healthy condition before the poisoning was experienced. That was the conclusion arrived at by the Ministry of Pensions, after a carefully conducted statistical survey.
If after-effects were found in this kind of case they were purely neurasthenic. This fact was particularly important in regard to tuberculosis; there was no evidence that tuberculosis arose more frequently in gassed people than in others, indeed the evidence was rather the other way, though it was not suggested that gassing was a preventive of tuberculosis.
So far as he knew, lumbar puncture had never been used in these cases. He did not see why it was likely to be of much use, but probably any active intervention of that kind, aimcd at relieving pressure, might be of considerable advantage, and he would remember the hint if it should be his misfortune to have to treat these distressing cases.
The idea that there was a general poisoning effect following phosgene was strenuously combated by all authorities. They attributed the cases of sudden death on exertion to the immediate effects, or the after-effects, of the anoxa%mia it did not appear that phosgene was a general protoplasmic poison.
As to the method of administration of oxygen, the two fundamental principles which had to be adhered to were: (1) Conservation of the oxygen supply, because it was so vital for these cases, and because procuring fresh supplies might be difficult;
(2) its administration must be as nearly continuous as possible. The oxygen should be administered by apparatus like that of Haldane, which would collect the gas flowing from the cylinder during the period of expiration, and would not allow it to escape. It was usually suggested that a start should be made at a speed of 3 litres a minute, and if the immediate clinical improvement expected did not happen, the speed should be increased, but it should not exceed 10 litres a minute, as control experiments on normal persons showed that the normal rate of breathing and the normal diffusion-rate of the gas were such that no further increase in the proportion of oxygen in the alveolar air would occur if the initial supply were increased over that rate. One did not want an apparatus which would deliver pure oxygen, as that would act as an irritant to already irritated tissue. Interruption of oxygen administration for five minutes in every half-hour would give an idea as to whether or not more oxygen was required. Usually if a patient during the interval did not show retrogression it would be unnecessary to continue the oxygen, as he had probably turned the corner, unless intercurrent septic conditions or pneumonia supervened. But it might be necessary in some cases to administer oxygen in this way for many hours, even days. One patient, who eventually recovered, was under that routine for fourteen days, but such cases were rare. In most of the cases the patients were well on the road to recovery within the first forty-eight hours. Some 75% died in the first twenty-four hours, but the administrator must be prepared to carry on day and night under the steady routine described. The oxygen need not be warmed before being given.
Owing to the great amount of expectoration, vomiting, and dyspnoea, these cases were difficult to nurse.
